Study design: This was a prospective cross-sectional study for people with chronic spinal cord injury (SCI). Objectives: To (1) evaluate the intensity level and nature of physical activity in community-dwelling individuals living with SCI, and (2) explore the relation between descriptive individual variables (for example, lesion level), secondary complications and participation in physical activity. Setting: Urban community setting. Methods: A total of 49 subjects with SCI who used a manual wheelchair for primary mode of mobility (mean years since injury, 11.8; mean age, 43.7 years; 67% paraplegia) completed the physical activity recall assessment for people with SCI (PARA-SCI).
Introduction
Physical activity has the potential to promote health and to enhance quality of life. However, despite the known benefits of physical activity, large proportions of the population are physically inactive to the point that it impacts negatively on health. This is true to an even greater extent for people with spinal-cord injury (SCI). 1, 2 Although physical activity has the potential to reduce the risk of chronic disease after SCI (for example, heart disease, diabetes), the relationship between physical activity and secondary complications has not been established. For example, it is not known whether exercise (for example, wheeling, sports) can reduce pain or depression, or whether activities such as gardening or household chores could have emotional and physical health-enhancing benefits. 3 Furthermore, little is currently known about which factors can predict the likelihood of someone with SCI performing physical activities. Although the determinants of physical activity among the general population are relatively weak, they are virtually unknown in the SCI population. Although basic mobility function was found to predict physical activity participation in ambulatory individuals with chronic conditions, 4 no link between injury severity and physical activity participation has been reported within the SCI population. Conditions such as pain, 5 fatigue, 6 and depression 7 have been linked to physical inactivity in both the general population and patients with chronic conditions. However, despite the fact that these conditions are commonly reported after SCI, 8 their relation to physical inactivity has not yet been explored. In addition, although social support 4 and self-efficacy 9 have been shown to influence leisure-time physical activity participation in able-bodied individuals, their role within the SCI population is unclear. Given their influence on physical activity participation in the able-bodied population, it would be pertinent to determine the effect of these factors on physical activity participation in individuals with SCI. Currently, information regarding the type and level of physical activity necessary for positive health outcomes in individuals with SCI is limited. Furthermore, determinants for physical activity among individuals with SCI are relatively unknown. Yet, this information is necessary for developing physical activity guidelines for this population. Therefore, the primary objectives of this cross-sectional study were to (1) evaluate the level and nature of physical activity, (2) determine what demographic factors (for example, sex, age, injury severity) and secondary complications (pain, fatigue and depression) best relate to participation in physical activity, and (3) quantify the roles of social support and self-efficacy in physical activity participation among community-dwelling individuals living with SCI.
Methods
The study was a prospective cross-sectional design. The inclusion criteria for participation were (1) adults (19 years or older) living in the community; (2) minimum of 1 year since SCI; and (3) use a manual wheelchair for primary mode of mobility. We selected community-dwelling individuals with SCI (rather than those in residential care facilities) who primarily used manual wheelchairs (rather than power wheelchairs) because this group of individuals would more likely have similar opportunities for physical activity. Participants were recruited on a volunteer basis in Taipei, Taiwan. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
Participants completed evaluations through standardized assessments and face-to-face interviews led by trained assessors. The study cohort was described with the following demographic information: date of birth, sex, body weight/ height, waistline circumference, American Spinal Injury Association motor score, lesion level and the date of injury. Physical activity was quantified with the physical activity recall assessment for people with SCI (PARA-SCI). Three potential secondary complications after SCI (fatigue, pain and depression), social support and self-efficacy were assessed.
The primary variable of interest was amount of physical activity. Until recently, no valid and reliable self-report measure of physical activity for people with SCI existed. Selfreport physical activity measures developed for the general population are not applicable for the vast majority of individuals with SCI, most of whom use a wheelchair for mobility and expend substantial energy through activities of daily living (ADLs). 10 Thus, the PARA-SCI was developed. 3 Briefly, this assessment is administered by a semistructured interview, providing an estimate of time (in minutes) spent participating in mild-, moderate-and heavy-intensity physical activities ( ) and cumulative activity (the combination of leisuretime physical activity and lifestyle activity 3 ). For the purpose of our study, we further captured two components of lifestyle activity, namely (1) ADLs (self-maintenance tasks, such as bathing, dressing, necessary for meeting the demands of daily living) and (2) household chores (that is, all other household tasks not classified as ADLs). The PARA-SCI is a valid measure of physical activity for individuals with SCI who use a wheelchair as their primary mode of mobility.
11 Convergent validity of the leisure-time physical activity category has shown that individuals reporting more minutes of moderateand heavy-intensity leisure-time physical activities show better physical fitness (measured by VO 2 peak) than those who report fewer minutes of such activities. 11 Thus, this instrument captures low-level activities (which individuals with a high degree of impairment find physically demanding) that may be overlooked on other scales. Fatigue, pain and depression were assessed because these are secondary complications that may affect participation in physical activity. [5] [6] [7] The Fatigue Severity Scale was used to quantify the effect of fatigue on daily living, and it is reliable and valid in people with neurological disorders. 12 The threeitem graded chronic pain questionnaire 13 was used to assess pain, and it is reliable and valid in people with SCI.
14 Respondents rate pain's interference with (1) daily activities, (2) ability to participate in recreational, social and family activities and (3) the ability to work (including housework). Depression was measured using the 10-item Centre for Epidemiological StudiesFDepression scale (CESD-10), which has been shown to be reliable and valid within the SCI population. 8 Social support was assessed using the Instrumental Support Evaluation List (ISEL), which measures perceived availability of social resources. 15 Higher scores indicate better availability of support. Self-efficacy was assessed by the Stanford Selfefficacy for Managing Chronic Disease scale (ESE), six questions that assess participants' confidence in coping with the impact of living with a chronic disease. This scale has been successfully used for individuals with various chronic conditions, including lung and/or heart disease, diabetes and arthritis. 16 Descriptive characteristics of the cohort were quantified using means, s.d. and frequencies. Scatterplots were generated to ensure there were no outliers or leverage of influential data points. Spearman's correlation coefficients were calculated to determine the strength of the associations between continuous variables because the physical activity variables were not normally distributed (Kolmogorov-Smirnov test). With regard to the PARA-SCI, correlations were computed for cumulative activity and for each intensity level. The influence of categorical variables of sex (male/ female) and lesion level (tetraplegic, paraplegic) on physical activity (three intensity levels) was assessed by w 2 test. All statistical analyses were performed using SPSS v. 13 software (SPSS Inc., Chicago, IL, USA) using a significant level of Pp0.05 (two-tailed).
Results
A total of 49 people with SCI were assessed. Subject characteristics are reported in Table 2 . Measures of pain, depression, fatigue, social support and self-efficacy are presented in Table 3 . Forty-seven subjects reported participating in mild-intensity activity, whereas 33 and 16 subjects reported participating in moderate-and heavy-intensity activities, respectively (Table 2) . Approximately 50% of all heavy-and moderateintensity physical activities included lifestyle tasks (Table 4) . Specifically, ADLs made up 96% of the time spent doing heavy-or moderate-intensity lifestyle tasks.
One participant was noted to be an outlier in correlations with heavy-intensity physical activity with values greater than two standard deviations from the mean. Subsequent calculations confirmed the subject's data points to have unacceptable leverage (leverage score was 0.27 17 ), supporting the removal of this subject from correlations with heavy intensity. No significant correlations were found between physical activity and any demographic factors. w 2 Tests did not reveal any influence of sex or lesion level on physical activity participation. However, physical activity was significantly related to secondary complications (Table 5) . Specifically, high amounts of heavy-intensity physical Physical activity in individuals with SCI AE Tawashy et al activity corresponded with (1) lower levels of fatigue; (2) higher levels of self-efficacy and (3) lower levels of pain. As an example, the scatterplot of heavy physical activity versus fatigue is highlighted in Figure 1 . Higher amounts of mildintensity physical activity correlated with (1) lower levels of pain; (2) higher levels of social support and (3) lower levels of depression, whereas moderate physical activity did not correlate with any factors. Lastly, more total physical activity was related to higher self-efficacy and less depression. The removal of one participant from correlations with heavy-intensity physical activity participation had minimal effects on the pain and fatigue analysis (both remained significant at Po0.01 and Po0.001, respectively). However, removing the high leverage data point for the correlation between self-efficacy and heavy-intensity physical activity caused the correlation co-efficient to increase from 0.437 (P ¼ 0.091) to 0.656 (P ¼ 0.008).
Discussion
This study provides an evaluation of the level and nature of physical activity among a cohort of individuals with SCI. Secondly, we provide novel data highlighting the relationships between physical activity participation and secondary complications in this group.
Demographic variables were consistent with the general SCI population. 18 Mean scores on the Fatigue Severity Scale and CESD-10 suggest that our participants were experiencing mild fatigue 12 and mild depression, 19 whereas scores on the three-item graded chronic pain and ESE reflected fairly low levels of pain-related disability 13 and relatively high levels of perceived disease-management self-efficacy. 16 Physical activity participation in this cohort was similar to earlier investigations using the PARA-SCI.
3,11 Most of our Physical activity in individuals with SCI AE Tawashy et al participants stated doing some mild physical activity, yet less than two-thirds reported moderate levels of exertion and only a third reported heavy levels of exertion. Similarly, high levels of inactivity, as measured by heart rate monitors over a 3-day period, were earlier documented in a group of individuals with paraplegia. 2 In our study, ADL tasks were responsible for approximately 50% of time spent doing moderate-and heavy-intensity activities, supporting the preexisting notion that lifestyle activity can be particularly taxing for individuals with SCI.
10 Surprisingly, demographic factors such as age, injury duration or lesion level (paraplegic/tetraplegic) were not related to physical activity participation. Although Dearwater et al.
1 suggested that people with paraplegia were more active than those with tetraplegia, their data came from a diverse sample from an in-patient rehabilitation setting. Our sample included only adult manual wheelchairs users living in the community, where secondary complications and environmental factors would more likely influence physical activity participation. Reduced secondary complications were related to the amount of physical activity. Our finding that greater participation in mild-intensity activity relates to decreased secondary complications supports evidence that very sedentary people may derive health benefits from low intensities of activity.
Our results showed that heavy-intensity activity was strongly correlated with measures of fatigue, pain and self-efficacy. As our results are correlational, no causality can be inferred. It is possible that lower levels of secondary complications such as fatigue and pain allow one to participate more effectively in heavy-intensity physical activity. Alternatively, the engagement in physical activity may prevent or reduce the occurrence of secondary complications.
The relationship between self-efficacy and physical activity may be more complex. People who have higher beliefs in their abilities to perform exercise are more likely to participate in intense leisure-time physical activity. 9 Similarly, those with higher beliefs in their abilities to perform lifestyle activities may be more likely to accomplish ADLs as independently as possible, thereby rating these tasks as high intensity. Conversely, the ability to exercise and perform lifestyle activities may positively influence one's self-efficacy in managing his/her condition. Removing one outlying participant strengthened the correlation between heavyintensity activity participation and self-efficacy, suggesting this participant did not experience a similar relationship between these entities. The positive correlation between social support and physical activity found in this study supports that of previous research in other populations. Social support was positively related to 7 days of accelerometer measurement in individuals with multiple sclerosis. 20 Using the social cognitive theory, these authors proposed that social support was associated with physical activity because of an intermediary relationship with self-efficacy (that is, social support correlated with physical activity because both serve as a source of efficacy information). This theory may have merit for our group as post hoc analyses showed strong positive correlations between social support and self-efficacy.
Limitations
This was a cross-sectional observational investigation; therefore, we cannot interpret any causality from the results. A multiple regression analysis was not performed to predict physical activity because although heavy activity was related to several variables, only a small number of subjects (n ¼ 16) reported participating in heavy activity. Furthermore, because of our small sample size, one outlier was overly influential on our results and was removed from correlations involving heavy-intensity physical activity. Lastly, by using a P-value of 0.05, our study (which involved 20 correlations) would have a chance that, at a maximum, one correlation may be significant by chance alone.
Conclusions
Although there are a number of potential barriers to participating in physical activity, some people with SCI do adopt a physically active lifestyle. Demographic factors measured in this study (sex, age, time since injury and lesion level) were not determinants of physical activity. Rather, these data highlight that secondary complications (pain, fatigue) are barriers, whereas self-efficacy is a facilitator to physical activity participation. Furthermore, performance of activities that were not necessarily physically taxing was related to decreased secondary complications. Ultimately, this study reinforces that physical activity is a complex issue for individuals with SCI. Further research needs to be conducted to better understand the predictors of physical activity participation for this population.
